1,4-dioxane 10 or BuNH2-water-THF 11 is aspirated directly. In the third method, after the oil is extracted with nitric acid, 12 ,13 nitric acid-EDTA 14, 15 or hydrochloric acid, 16 the extracts are analyzed.
Several authors have discussed advantages and disadvantages of these techniques at length. 15, 17 In many cases, although the extraction method has the same advantages in the separation and preconcentration of metals in oil samples, the recoveries are poor for many metals. Moreover, the separation of phases is difficult, the enrichment factor is generally small, and the extraction time is long.
In this work, based on using a solid (powder) Pb-piperazinedithiocarbamate complex (PbPDC) for extraction and a potassium cyanide solution for back extraction, a new method is described for the preconcentration and separation of copper in edible oil samples prior to its determination by FAAS.
Experimental

Apparatus and reagents
An ATI UNICAM 929 flame atomic absorption spectrophotometer was used under the following conditions: A 10 cm 1-slot burner, a UNICAM copper hollow cathode lamp, a wavelength of 324.8 nm, an air-acetylene flame, a fuel gas flow of 1.2 l/min, a spectral bandwidth of 0.5 nm, a burner height of 7 mm, and a lamp current of 6 mA. PbPDC was prepared with potassium salt of piperazinedithiocarbamic acid (K2PDC) and Pb(NO3)2 according to a method given in the literature. 18 A Cu(II) stock solution (1.000 mg ml -1 ) in the aqueous phase was prepared by dissolving an appropriate amount of metallic copper (E. Merck, 99.5%) in concentrated nitric acid, evaporating to dryness and dissolving the residue in deionized water and completing up to 1000.0 ml with deionized water. Deionized water was produced by ELGA Maxima Ultra Pure Water Systems. An organic copper stock solution (0.1 mg ml -1 ) was prepared by dissolving an appropriate amount of copper(II) cyclohexanebutyrate (Aldrich Chem. Co. 22818-4) in acetone. A dilute organic copper solution was prepared with the organic copper stock solution and acetone (0.01 mg ml -1 ). Acetone (E. Merck, 99.9%) was purified by distillation. Oil samples were commercial purchases. All other reagents were of analytical reagent grade.
General procedure
First, 50.00 g of oil was taken into a beaker and diluted with 100.0 ml of acetone. After adding 0.50 g of PbPDC into the mixture, it was stirred at 30 min, and then filtered, washed with acetone and deionized water several times. A solid product containing the copper complex was taken into a syringe, and 5.00 ml of a potassium cyanide solution (0.1 mmol ml -1 ) was added. After it was vigorously shaken by hand at 10 min, filtered by a syringe filter (Millipore SLMA-25 NB with porediameters of 0.45 µm), the aqueous phase was collected for a measurement by FAAS.
Results and Discussions
Solid-phase extraction
An appropriate amount of (150.0 ml) organic copper standard solution in acetone was taken, and its copper content was determined according to a general procedure.
The recovery results given in Table 1 show that PbPDC extracts the copper from the organic matrix effectively. Although the adsorption mechanism of copper on solid PbPDC is not known, we estimate that it is similar to a metal-exchange reaction in the solid-phase extraction method, which was applied in water samples.
dithiocarbamates for the solid-phase extraction of copper in an organic matrix, because its chelates are polymeric, stable and insoluble in water, and numerous organic solvents by means of two-CS2 groups. 20 Potassium cyanide is probably eluted by copper as a cyano copper(I) complex ([Cu(CN)4] 3-), and does not react with PbPDC.
Calibration curve, detection limit and determination limit
A standard Cu(II) solutions (0 -10 µg ml -1 ) were prepared with a Cu(II) stock solution and a potassium cyanide solution. The absorbance values of these solutions were measured by FAAS at 324.8 nm and a calibration graph was constructed. It was linear over the concentration range 0 -6.0 µg ml -1 of copper. The correlation coefficient (0.9987) was obtained by a least squares method.
The detection limit (2.4 ng ml -1 ) and the determination limit (15.2 ng ml -1 ) were evaluated as the concentration corresponding to three times and ten times the standard deviation of the blank signal, respectively. The blank solution was prepared with 150.0 ml acetone without copper according to the general procedure.
Determination of copper in spiked oil samples
Spiked oil samples were prepared by dissolving 50.00 g of oil in acetone and adding appropriate amounts of the organic copper standard solution (250, 500 and 750 µl) and completing up to 150.0 ml with acetone. The copper contents of these solutions were analyzed according to the procedure described above. The average recovery value in the oil samples with the additional copper content between 0.050 -0.150 µg g -1 was found to be around 93%.
Accuracy check with a standard material
An appropriate amount of (0.50 g) of CONOSTAN Multi Element Oil Standard S-21 (contain 30 ppm copper) was taken and diluted with hexane. The copper content of the solution was analyzed according to procedure. It was shown that the results presented in Table 1 agreed with the certified value.
Determination of copper in real samples
The method was successfully applied to the determination of copper in some oil samples. Three different commercial oil samples were selected: soy bean oil, sunflower oil and corn oil. After 50.00 g of an oil sample was taken, it was diluted with acetone. The copper content of the solution was analyzed according to the general procedure. The results are given in Table 1 .
To determine metals in oils by AAS, it is essential that a method be chosen in which a matched sample and a standard matrix can be prepared. The direct aspiration technique has the same advantages: rapidity and little chance of positive contamination, however, a standard in base oil of the known metal content must be prepared, which is difficult in routine analyses. On the other hand, experience has shown that AAS may be handicapped by the presence of a complex organic matrix, which causes severe suppression of the analyte signal.
11
Although the char-ashing technique gives accurate results for several metals, it is time consuming and the recovery is poor. 2 Compared with the acid extraction techniques from the point of the recovery, extraction time and efficiency, 12,15 the proposed method is more advantageous, and can be used for the determination of copper in oil samples by FAAS. It also may be used for the pre-concentration and determination of copper in other organic matrixes, such as organic solvents. 
